The arteriovenous fistula (AVF) is the recommended form of dialysis vascular access, however, limited studies suggest that AVF creation may result in increased cardiovascular stress and remodeling. To explore the contribution of vascular access type to cardiovascular-related (CV) mortality, we analyzed USRDS Clinical Performance Measures data comprising 4854 patients that initiated dialysis between October 1, 1999-December 31, 2004. CV mortality included death from acute myocardial infarction, atherosclerotic heart disease, cardiomyopathy, arrhythmia, cardiac arrest or stroke. Risk of cardiovascular mortality during a 4-year observation was analyzed by Coxregression methods with adjustments for demographic and co-morbid conditions. AVF use was strongly associated with lower all-cause and CV mortality. After adjustment for covariates, AVF use 90 days after dialysis initiation remained significantly associated with lower cardiovascular mortality [hazard ratio (HR) 0.69, p = 0.0004] compared with catheter use. These findings suggest that vascular access type influences cause-specific mortality beyond that of infection, and support existing guidelines recommending the use of an AVF early in the course of chronic end-stage renal disease therapy.
We have previously described predictors of delayed transition to permanent vascular access among incident hemodialysis patients and extend these observations here to focus on the impact of initial and delayed vascular access type on CV-related mortality (12) . We hypothesized that AVF use at dialysis initiation would be associated with increased CV-related mortality, and tested this hypothesis in a contemporary, national cohort of incident hemodialysis patients. Demographic and co-morbid characteristics used in our analysis included age (<54.6, 54.6 to <65.8, 65.8 to <74.5, ≥74.5), gender, race (black, white), pre-ESRD albumin (<3.5 mg/dl, ≥3.5 mg/dl), pre-ESRD hemoglobin (<11 g/dl, ≥11 g/dl), pre-ESRD erythropoietin (yes, no), body mass index (BMI, kg/m 2 ) was classified according to the World Health Organization classification system as underweight (BMI <18.5) normal (BMI 18.5 to <25), overweight (BMI 25 to <30), and obese (BMI ≥ 30), tobacco use (yes, no), diabetes (yes, no), hypertension (yes, no), ischemic heart disease (yes, no), myocardial infarction (yes, no), peripheral vascular disease (yes, no), inability to ambulate (yes, no), congestive heart failure (yes, no), cerebrovascular disease (yes, no), pre-ESRD medical coverage (yes, no), and year of incidence (1998) (1999) (2000) (2001) (2002) (2003) (2004) .
Methods

Study Population and Data Collection
Cause of Death Analyses
Previous co-morbidities information was obtained from the USRDS's Patients Standard Analytic File (SAF MEDEVID), which includes information from CMS' 2728 Form. Cardiovascular death was defined as death because of acute myocardial infarction (MI), atherosclerotic heart disease, cardiomyopathy, arrhythmia, cardiac arrest or stroke. Cause and dates of death, obtained from the USRDS PATIENT SAF, were subsequently linked to the clinical information in the ESRD Clinical Performance Measures data file.
Statistical Analysis
Chi-square tests and Mantel-Haenszel odds ratios were used to examine crude associations between patient characteristics and vascular access at initiation of hemodialysis. A p-value < 0.05 was considered to be statistically significant. Cox proportional hazards modeling was used to analyze the association between vascular access type and CV-related and all-cause mortality. Patients were considered at risk 90 days after the initiation of ESRD, for ease of interpretation of vascular access exposures and because patients needed to live 90 days to be in the CPM survey, and were censored at the time of non-CV-related death, transplant or the end of the observation period (4 years). A 4-year observation period was chosen because the survival curves for AVG and CVC converged after this time, thereby violating the proportional hazards assumption. Adjustment variables included in the multiple regression model were chosen a priori based on their potential to confound the relationship between vascular access type and the risk of mortality or based upon their association with time to mortality independent of the predictor of interest.
Results
Study Population
A total of 10,086 incident hemodialysis patients were included in the USRDS Clinical Performance Measures database. After limiting the cohort to black and white patients, 9,100 patients remained. 106 patients were excluded because they were missing co-morbidity, erythropoetin (n = 119) or BMI data (n = 325), or had a vascular access type other than an AVF, AVG or CVC (n = 70). After these exclusions, 8,480 patients remained. Of these, 2,715 did not have albumin or hemoglobin levels either at ESRD initiation or 90 days after dialysis initiation, and 911 did not have vascular access type, leaving 4,854 patients with complete data available for inclusion in the fully adjusted multivariate models.
The baseline characteristics of patients by initial vascular access type are shown in Table 1 . Of the 4,854 patients in our cohort, 13.0% used an AVF (n = 626), 13.5% used an AVG (n = 658) and 73.5% used a CVC (n = 3570) at dialysis initiation. Patients with an AVF tended to be younger, were more likely to be male, white and have normal weight (BMI 18.5 to <25). Patients with an AVF were more likely to have normal pre-ESRD serum albumin and hemoglobin levels and more likely to receive pre-ESRD erythropoetin compared with those with an AVG and CVC. Individuals with an incident AVF were more likely to have a history of hypertension, less likely to have diabetes or a history of heart failure compared to those with an AVG or CVC, and as likely to report tobacco use, ischemic heart disease, history of MI, peripheral vascular disease, an inability to ambulate, history of cardiac arrest, and cerebrovascular disease as those with an AVG or CVC ( Table 1 ).
All-Cause Death
As previously reported, all-cause mortality was significantly lower among patients using an AVF. AVF use at 90 days was associated with a 29% reduction in all-cause mortality (CI 0.62, 0.82, p < 0.0001) compared with CVC use, while patients using an AVF at dialysis initiation (CI 0.78, 1.13, p = 0.567), AVG at dialysis initiation (CI 0.80, 1.06, p = 0.262) and AVG use at 90 days (CI 0.82, 1.02, p = 0.119) had the same risk of all-cause death as patients using a CVC (data not shown). Fifty-five percent of patients using an AVF 90 days after the start of dialysis survived to the end of the observation period (year 4), while 45.6% and 39.6% with an AVG and CVC, respectively, survived (p < 0.0001).
CV-Related Death
Patients who started dialysis with an AVF had a 43% lower risk of CV-related mortality when compared to patients with a CVC (HR = 0.57, CI 0.46, 0.71; p < 0.001), while patients with an AVG had a 13% lower CV-related mortality compared to those with a CVC (HR = 0.87, CI 0.74, 1.03; p = 0.107) (Model 1, Table 2 ).
There was a suggestion, albeit statistically nonsignificant, that CV-related mortality was lower among patients with an AVF (HR = 0.80, CI 0.61, 1.04; p = 0.091), and with an AVG at 90 days after initiation of ESRD therapy (HR = 0.87, CI 0.71, 1.06; p = 0.160) compared with patients with a CVC at 90 days (Model 1, Table 2 ). When we accounted for the initial access type, the vascular access at 90 days after dialysis initiation conferred greater protection from CV-related mortality than did access type at dialysis initiation. Patients with AVF use 90 days after dialysis initiation were 36% (CI 0.52, 0.78, p < 0.001) less likely and patients with an AVG equally likely (CI 0.79, 1.08, p = 0.333) to experience CV-related mortality compared with patients dialyzed with a CVC at 90 days after dialysis initiation (Model 3, Table 2 ).
After adjustment for other patient characteristics, AVF use remained associated with a decreased risk of CV-related mortality among patients using an AVF 90 days after ESRD. (HR = 0.69, CI 0.56, 0.84; p = 0.0004). In contrast, AVG use neither at dialysis initiation (HR = 0.89, CI 0.73, 1.09, p = 0.270), nor at 90 days (HR = 0.95, CI 0.81, 1.13, p = 0.532) was associated with increased CV-mortality compared to CVC use after adjusting for patient characteristics ( Table 2 , Model 4).
The benefit of an AVF was evident across our time series ( Fig. 1 ). CV-related death was ascertained starting 90 days after ESRD initiation to the end of the observation period (year 4). Among patients using an AVF, 78% were free of CV-related death, compared with 68% of patients using an AVG and 65% of patients using a CVC (p < 0.0001). Similar patterns persisted after 4 years.
Black patients were 25% less likely to experience CV-related mortality (CI 0.65, 0.87, p < 0.001) than white patients, while those reporting the use of pre-ESRD erythropoetin experienced 13% less CV-related mortality than those without pre-ESRD erythropoetin use (CI 0.76, 0.99, p = 0.036) ( Table 3 ). Older age was associated with increased CV-related mortality (HR = 1.03; CI 1.02, 1.03; p < 0.0001), while individuals with hypoalbuminemia at dialysis initiation were 21% more likely to experience CV-related death (CI 1.05, 1.38, p = 0.007), compared to patients with normal serum albumin. Co-morbid diabetes increased the risk of CV-related mortality by 42% (CI 1.25, 1.62, p < 0.0001). Further, patients with ischemic heart disease were 35% more likely to experience CV-related death (CI 1.16, 1.56), compared to those without ischemic heart disease, while patients with heart failure were 27% more likely to die of CV-related causes (CI 1.11, 1.44) than those without heart failure. BMI, hemoglobin at dialysis initiation, tobacco use, hypertension, history of MI, peripheral vascular disease, history of CVD and history of cardiac arrest were not associated with CV-related mortality.
Discussion
The principal finding from our study was that AVF use among a nationally representative cohort of incident hemodialysis patients was not associated with either a short-or long-term increase in the risk of CV-related mortality, and therefore, our findings did not support our hypothesis. On the contrary, AVF use 90 days after the initiation of hemodialysis was associated with reduced cardiovascular and all-cause mortality, independent of known risk factors. We observed that while permanent vascular access use at the start of ESRD confers a marginal reduction in CV-related mortality, AVF use 90 days after dialysis initiation confers a 31% reduction in CV-related mortality, when compared with CVC use at 90 days. These findings are interesting, given the higher prevalence of hypertension among patients reporting AVF use at dialysis initiation, and the comparable prevalence of ischemic heart disease, MI, peripheral vascular disease, history of cardiac arrest, and cerebrovascular disease found among AVF, AVG and CVC patients in our patient cohort.
Our study is one of few to specifically estimate the association between AVF use and CVrelated mortality. In the USRDS Morbidity and Mortality Study Wave 1, Dhingra et al. found that prevalent diabetic ESRD patients with a CVC were 47% more likely to experience a CVrelated death than diabetic patients using an AVF, while nondiabetic patients using a CVC had a 38% greater risk of CV-related death compared with AVF patients (3). Dhingra's report lacked predialysis quality of care indicators, such as pre-ESRD serum albumin and hemoglobin, and limited follow-up time to 24 months, while ours extends follow-up to 48 months. Furthermore, cohort characteristics differ between the present study and that of Dhingra et al. Incident patients reporting AVF use in our study had a similar burden of co-morbid conditions compared with patients using a CVC, while Dhingra's 1993 report found that patients using an AVF had a lower prevalence of diabetes, peripheral vascular disease, coronary artery disease and congestive heart failure (3) . Despite cohort differences between the two studies, our findings are comparable. The burden of disease shared among patients with different vascular access types in our more contemporary patient cohort may reflect the increasing number of co-morbid conditions found among the incident U.S. hemodialysis population (13) . It is less likely to be accounted for by the current national efforts at increasing the prevalence of AVFs, and consequent reduction in selecting only healthy patients, as the distribution of a subgroup of incident dialysis patients reporting AVF use by Dhingra is similar to the current patient cohort (15% vs. 12%), respectively.
In a USRDS Wave II study, the association of AVF use and heart disease were examined among elderly ESRD patients, however, unlike our findings, no significant association was found between CV-related survival and vascular access type (14) . This study had a limited sample size and included only Medicare-eligible patients, resulting in an older patient cohort than the present study.
Our study further delineates patient characteristics associated with CV-related mortality. Decreased CV-related and all-cause death was associated with black race, younger age, and pre-ESRD erythropoietin use, while patients with low pre-ESRD serum albumin, diabetes, ischemic heart disease, and congestive heart failure had a greater risk of CV-related and allcause death. These findings are similar to previous reports in which black ESRD patients were less likely to experience cardiac death compared with white patients, and younger age and pre-ESRD erythropoietin were associated with lower CV-related death (1, (15) (16) (17) (18) (19) .
Multiple possible explanations exist for the association between AVF use and decreased risk of CV-related death. These may include greater delivered dose of dialysis because of better blood flow rates among patients with AVF use, reduced risk of infection, and lower levels of inflammatory factors which may be responsible for CV-mediated disease (4, (20) (21) (22) (23) (24) . Limited, short-term studies have examined the association of AVF creation with cardiovascular performance, and report an increase in volume load and left ventricular hypertrophy within three months of AVF creation, and persistently reduced myocardial oxygen supply over a 6month study period, suggesting that patients with AVF use may be more likely to experience CV-related death (5, 7, 8) . However, our findings suggest that these detrimental cardiovascular changes may attenuate over time. This concept is supported by Mahmoud et al. who observed that left ventricular performance was improved, and ATP depletion and cardiac infarct size were significantly lower following ischemia and reperfusion injury 8 weeks after AVF creation in a canine model, compared with a sham-operated group. This observation was thought to occur, in part, by the development of coronary collaterals, which may serve to protect the myocardium during cardiac stress (25) .
The significant reduction in CV-related death was observed only among patients reporting AVF use 90 days after dialysis initiation. This finding is likely attributable to death within the first 120 days of dialysis initiation, when a majority of first-year deaths occur, and when CVC use increases the risk of early mortality (26, 27) .
Several limitations to our observations should be noted. First, the study design is observational, and may reflect selection bias. While our patients in the different vascular access categories had a similar distribution of many co-morbid conditions, we attempted to address the issue of bias by controlling for co-morbidities that could influence vascular access type. While differences were seen between vascular access types and the proportion of patients with hypoalbuminemia, anemia, diabetes, hypertension, and history of MI, these co-morbidities were not found to be significantly associated with vascular access type among incident hemodialysis patients (12) . Further, data from the DOPPS does not support the belief that AVF creation is more likely to occur amongst the healthiest patients. Pisoni et al. reported that AVF use in the U.S was low even among patients who lack diabetes, CAD and peripheral vascular disease, and these co-morbidities were not associated with vascular access use among prevalent patients in the DOPPS study (28) .
Second, we are unable to specifically address the pathophysiology by which AVFs may be associated with lower CV-related mortality. Our findings have implications for outcomes research, and raise etiologic questions that would incorporate literature suggesting that AVF creation leads to an increase in flow-mediated CV stress, but that additional factors exist which are protective (7, 8, 14) . Although this study has limitations, it examines a nationally representative cohort of incident hemodialysis patients, and is generalizable to the U.S. adult hemodialysis population.
In conclusion, we found that incident hemodialysis patients who have delayed AVF use 90 days after initiation of ESRD therapy experience a significant reduction in CV-related and allcause mortality compared with ESRD patients who report CVC use. This decreased risk of mortality was independent of the effects of other known risk factors. Our findings suggest that vascular access type influences cause-specific mortality beyond that of infection, and support existing guidelines recommending the use of an AVF early in the course of chronic ESRD therapy. Survival curve for cardiovascular death by vascular access type starting 90 days after dialysis initiation. Observations used in the Cox proportional hazards model were censored at 4 years. Values are expressed as mean ± SD or n (%).
To convert albumin and hemoglobin in g/dl to g/l, multiply by 10.
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